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SUMlMARY,

Studies of two serogroups in the genus Orbivir-s led to a proposal for
defining species. The correlation between the degree of RNA-R..NA
hybridization and genetic reassortment of these double stranded RNA viruses
wan excellent. RNA-RNA hybridization was an efficient marker of geographic
origin of Kemerovo serogroup viruses and confirmed the Siberian origin of
Kemerovo virus isolated from a migrating bird in Egypt.

Viruses were identified from Thailand, Nepal, Egypt, and Colombia.
Eight new phleboviruses were characterized serrologically. A virus
isolated from blood of a febrile U.S. Army recruit on jungle training in
Panama was identified as a subtype of Cache Valley virus.

Monoclonal antibodies were developed and characterized for vesicular
stomatitis (VSV), Indiana, Cocal, and Alagoas; and for Cache Valley
viruses. The VSV antibodies were used to type Indiana virus subtypes.

Semliki Forest virus monoclonal antibodies were used to find a
conserved epitopic region on the alphavirus nucleocapsid protein.

Cache Valley virus was associated with an epizootic in sheep of
arthrogryposis and hydranencephaly affecting nearly 20% of offspring in
Texas and Nebraska. This is the first time a bunyavirus has been
implicated in this disease in the Americas.

Attempts to identify by IFA a novel enveloped virus isolated from
tissues of patients with Kaposi's sarcoma were negative with a large
battery of arboviruses. Retrovirus (HIV) isolation capability was
transferred to Bogota in a collaborative study.

Japanese encephalitis =E fusion proteins were used as highly
specific diagnostic reagents in ELISA. These proteins were not very
immunogenic to mice. Primer extension sequencing of the NSI region of the
genome yielded epidemiologic information indicating there is geographic
clustering of dengue-l strains.

The low-passage arbovirus collection now contains in excess of 330
strains of chikungunya, VSV, California encephalitis group, Venezuelan
encephalitis, Japanese encephalitis, dengue, and other arboviruses
pathogenic to man and domestic animals.

As in the past, the world Reference Center for Arboviruses
distributed viruses, antigens, antibodies, cell cultures, and colonized
arthropods to laboratories, both in the United States and world-wide.
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FOREWORD

In conducting the research described in this report, the
investigators adhered to the "Guide for the Care and Use of
Laboratory Animals," prepared by the Committee on Care and Use of
Laboratory Animals of the Institute of Laboratory Animal
Resources, National Research Council (DHEW Publication No. (NIH)
86-23, Revised 1985).

For the protection of human subjects, the investigators have
adhered to policies of applicable Federal Law 45CFR46.
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BODY OF REPOR7

I. ARBOVIRUS TAXONOMY

A. Orbivirus speciation: Genetic reassortment between Corr~iarta
serogroup viruses (H.A. Gonzalez and D.L. Knudson). The question of what
constitutes a species in virology has not been answered. One approach is
to adopt the biological definition of Mayr in which a species is "a
reproductive community of populations that occupies a specific niche in
nature." The orbiviruses offer an ideal model because orbiviruses have 10-
12 RNA segments which can reassort and thus they present an analogy to
sexual reproduction in other organisms.

In these experiments, the ability of orbiviruses of the Corriparta
serogroup to reassort genes in vitro was examined. Table 1 shows the wide
distribution of the members of the serogroup in time and geographic
location. Eight members were used in this study. These are all cross-
reactive by CF, but exhibit distinct electropherotypes by 10%
polyacrylamide gel electrophoresis (PAGE) and are distinguishable by RNA-
RNA blot hybridization. The differences in PAGE electropherocypes
permitted recognition of reassortant viruses.

Viruses were grown in BHK-21 cells, and BHX-21 cell plaque assays were
used to titrate viruses and to plaque possible reassortant viruses. The in
vitro reassortment experiments were done in 96-well microplates seeded at
10,000 cells per well and incubated overnight. Then mixtures of viruses
using different MOI's of each virus to vary the mixed-ratio were adsorbed
to the monolayer. Each virus in the mixture was titrated. After 24 h
incubation of the mixtures, the progeny were harvested, plaqued, and
selected pcpulations tested for reassortants by PAGE analysis of the dsRNA.

The results of the in vitro reassortment experiments are shown in
Table 2. Reassortment was observed between each pair of viruses crossed.
The ratio of progeny viruses was affected directly by the initial MOI ratio
because an increase in the proportion of one parent resulted in an increase
in the proportion of progeny viruses with a genotype indistinguishable from
the parent. For example, the higher MOI of CSIRO 76 in Jacareacanga X
CSIRO 76 crosses resulted in an increase in the proportion of CSIRO 76 in
the progeny (Table 2).

Since some segments from different viruses comigrate in the RNA gels,
the actual number of reassortants resulting from a cross represents a
conservative estimate, and it may be greater than or equal to the observed

number.

The observed geographic distribution of the Corriparta serogroup
isolates and hybridization data suggest that at least three distinct
allopatric populations exist among the eight isolates. Yet, viruses in the
three subsets represent a common gene pool in which genes are exchanged
even though geographic barriers to their genetic interaction exist and must
be removed. Only isolates circulating in the same locality would have an
opportunity to reassort in nature. For example, the Australian isolates
originated in the same locality and were isolated from the same vector
species, implying that reasortment between these isolates could occur
either in the mosquito vector or vertebrate host. Similarly, reassortment

6



between the two Brazilian isolates may also ccur in nature. The twe
remaining isolates, Acado and Bambari, may represent populations whic& are
reproductively isolated by geography.

The in vitro reassortment demonstrated here reflects the conmmon
ancestry of the Corriparta serogroup viruses, and suggests that all eight
isolates should be considered members of a single species. This serves as
a model for other Orbivirus serogroups in which gene conservation is
demonstrated by RNA-RNA blot hybridization and which may be single species.

Table I

Corriparta serogroup viruses used in reassortment experiments

Virus isolate Source Geographical origin Date of collectior

Corriparta
MRM I Cu. annulirostris N. Queensland, Australia 3/30/60

CSIRO 76 Cu. annulirostris N. Territory, Australia 9/03/75

CSIRO 109 Cu. annulirostris N. Territory, Australia 6/11/75

CSIRO 134 Cu. annulirostris N. Territory, Australia 4/23/75

Bambari
DakArB3689 Culex pool Bambari, Centr. Afr. Republic 11/22/71

BeAr263191 Cu. declarator Belem, Brazil 11/11/7z

Jacareacanga
BeAr295042 Cu.(Mel.) spp. Belem, Brazil 11/11/75

Acado
EthArl846-64 Cu. antennatus & Ilubabor, Ethiopia 10/22/63

Cu. univittatus naevi
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Table 2

In vitro reassortment of Corriparta serogroup viruses

Parental cross (rl x P2)

minimum number 1O ratio observed pro- reassortment genotype (segment

of segments (PFU/cell) geny (Pl:P2: 1 2 3 4 5 6 7 8 9 10
distinguishable (P1:P2) reassortant)

CS 109 (1) x CS 76 (7) 12:9 2:14:4 X X 7 1 7 1 7 7 X 7*

5 X X X 7 7 1 7 X X 7
X XX 1 7 7 7 X X 7
X X X 1 7 1 7 X X 1

Corriparta (C) x CS 76 10:7 4:4:1 7 7 C 7 C C C 7 7 7
9 7:7 2:2:3 C 7 7 C C 7 7 7 X 7

7 7 C C C C C 7 X 7
7 7 7 7 C 77 X

Corriparta x Acado (A)

10 50:3 9:0:1 C A C C A A A A A C

Jacareacanga (J) x Acado 26:29 5:9:4 X d 3 J 3 d d X J A
6 X J J X X J A X J A

X J J X X J J X J A
X A J X X A A X A A

Jacar. x BeAr263191 (2) 15:15 7:0:3 2 J J J 1 2 X J 1 2

8 J J 2 1 J J 2 XX J
2 J J J J J X J J J

Corriparta x BeAr263191 27:12 8:0:2 2 C C 2 C 2 2 2 C C

10 2 2 2 2 C 2 2 2 2 2

Jacar. x Corriparta 15:19 8:0:2 J C J J J J J J C J
8 J C J C X J J J X J

Jacareacanga x CS 76 5:42 0:8:2 1 7 1 J X X 7 X J
7 7 7 J 7 7 X X 7 X 7

15:14 9:0:1 J 7 1 1 1 X X 7 X 7

Acado x CS 76 13:7 4:4:2 A A 7 A A A X A A X
8 7 7 7 A 7 A X 7 7 X

Acado x Bambari (B) 58:36 5:5:2 A X A B A X A A X X

5 X X A B A X A A X X

Bambari x Jacareacanga 4:8 5:2:3 J J J B J J J J B J
9 J X J J J J J B B S

J X J J J J J B B J

18:26 7:3:3 J X J J J J J 3 J B
B X B J J B B B B J
B X J B J B B B B J

*The parental origin of each segment is indicated by a single letter or number
abbreviation; segments of undetermined origin are indicated by letter X.
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B . Genetic reassortment and RNA-RNA hvbridization of Kemerovo serocc=7'ex
viruses (S.E. Brown, E.G. Morrison, S.M. Buckley, R.E. Shope, ano D.L.
Knudson).

The taxonomy of the Kemerovo serogroup viruses has been revised us:nz
RNA-RNA hybridization and genetic reassortment. Casals pronosed a
classification in which the Kemerovo serogroup was divided into three
serocomplexes. The Chenuda, Kemerovo, and Seletar (Wad Medani) complexes
were distinguished by complement-fixation (CF) tests. Main later defired a
fourth serocomplex, the Cape Wrath-Great Island complex. This complex now
contains the largest number of members. All viruses in the serogroup are
transmitted by either argasid or ixodid ticks.

The Kemerovo serocomplex contains the Ixodes persulcatus tick and
human isolates made by Soviet scientists in Western Siberia in 1962 ane the
isolate from a migrating redstart by Schmidt in 1961. These are
serologically indistinguishable. Additional subtypes including Tribec,
distinguishable from the Soviet viruses by neutralization tests, were
isolated in Czechoslovakia in 1963 from Ixodes ricinus and small nammals.

These Kemerovo serocomplex viruses, listed in Table 3, were examined
by RNA-RNA blot hybridization and gene reassortment to determine their
sequence and functional relatedness.

Viral suspensions containing sets of two parental virus stocks in
varying multiplicity of infection (m.o.i.) ratios were prepared. BHK-21
cells were inoculated, the virus mixtures incubated at 32C for 24 h, and
then the progeny titrated in plaque assays. The plaques were picked and
the resulting progeny examined by polyacrylamide gel electrophoresis (PAGE)
to determine which parent virus had donated each segment. Some of the
viruses were also electrophoresed in agarose. The dsRNA of selected
reassortants was end-labeled with 32P and the segments analyzed by PAGE.

RNA probes were prepared by purification of daRNA and then 3' end-
labeling with 40 uCi of [5'-32P) pCp. The RNA was electrophoretically
transferred and hybridized at Tm(RNA)-36.

Agarose profiles of selected dsRNA genomes of the Kemerovo seroco=Dlex
viruses were similar. In contrast, these isolates exhibited unique PAGE
dsRNA profiles. While the PACE dsRNA profiles were distinct, the profiles
of the Czechoslovakian isolates were more heterogeneous than the Siberian
and Egyptian isolates. The original Tribec (Czechoslovakia) isolate
contained several genetic types (or genotypes) as evidenced by the
appearance of twelve segments in its dsRNA PAGE profile. This virus stock
was plaque-purified, arl four different genotypes of 10 dsRNA segments were
found.

The EgAn 1169-61 (Egypt) probe hybridized strongly to the Siberiar
isolates, and it hybridized to a lesser extent with the Czechoslovakian
isolates. In contrast, the Tribec probe hybridized weakly to members cf
the Siberian subtype isolates and strongly to the Czechoslovakian isolates.
One isolate from Czechoslovakia, Lip 53, was variant in gene 4 with respect
to the Tribec probe. In reciprocal hybridizations, gene 3 among the
Siberian and Czechoslovakian subtype isolates hybridized with a weaker
signal than did the other genes. The labeled Tribec probe (clone 1) was

9



chosen to represent the predominant genotype in the Tribec virus
population. The four clones of Tribec virus exhibited high conservation in

their sequence by hybridization.

Fifty per cent of the progeny from the mixed infection (or cross) of
the two Siberian serotype isolates, L75 and EgAn 1169-61, were reassortants
(Table 4), and 67% of the progeny from the cross between the two
Czechoslovakian isolates, Tribec (clone 1) and Kol 152, were reassortants
(Table 4). Gene reassortment was also demonstrated between the two
isolates representing the Czechoslovakian and Siberian subtypes. A
difference was observed in the progeny from the cross between the Siberian
isolate, L75, and the plaque-purified Czechoslovakian isolate, Tribec. For
example only eight reassortants (9%) were observed in progeny from this
cross, and seven were single gene replacements. In contrast, more than
half of hte reassortant progeny from intra-typic crosses had multiple gene
replacements (Table 4 ). While gene reassortment was demonstrated in both
intra- and inter-typic crosses, the inter-typic reassortment yielded fewer
reassortant progeny with only a few gene substitutions.

Several observations are evident from this study:

a. Isolates within each subtype of the Kemerovo complex are generally
indistinguishable by serologic tests, and by blot hybridization with one
exception. Lip 53 was the only isolate which was distinguishable within
the Czechoslovakian isolates by blot hybridization because its gene 4 was
variant when compared to the other isolates. Nevertheless, the distinct
dsRNA PAGE profiles for both the Siberian and Czechoslovakian subtypes were
indicative of genetic drift in both sybtypes, with members of the Siberian
subtype being relatively more homogeneous when compared to the
Czechoslovakian isolates.

b. While the genes of Tribec virus were conserved among the four
plaque-purified clones by blot hybridization, the presumed presence of the
different genotypes in the original virus stock may explain a relatively
broad antigenic structure commented on for Tribec in CF tests by Libikova
in her 1971 publication. These data suggest that at least two genotypes
were co-circulating in the Tribec region.

c. In these hybridization experiments, light signals identified
variant genes. At Tm(RNA)-36 hybridization conditions, sequences among
variant genes approached the lower limit of 74% homology required for the
formation of stable hybrids. While the Czech and Soviet subtypes cross-
hybridized in all ten genes, the existence of light signals indicated that
the sequence relatedness between the two subtypes approached the lower
limit of 747 sequence homology.

d. Although the EgAn 1169-61 (Egypt) virus was isolated from a
migratory redstart captured in Egypt in 1961, this isolate was
indistinguishable from the Siberian isolates by serology, blot
hybridization, and gene reassortment. The redstart appears to have
acquired the virus in Siberia and this suggestion is consistent with
ornithological data on the summer and winter range of redstarts. Since the
isolation of EgAn 1169-61 predates the Siberian isolates, Kemerovo virus
is presumed to have been active in Siberia before its recorded date of
isolation. Further, these data implicate migratory birds in the dispersal
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of the virus over vast distances.

e. ixodes Persulcatus ticks vector the Siberian isolates and Ixo.-es

rTcinus the Czechoslovakiar isolates. Geographic and =icroc1.imatic

conditions row separate these two species. Thus, the two subtypes of virus

appear to represent distinct populations evolved froir a recent co~nor

ancestor. These experiments show that if the barriers to inter-subtv....

reassortment were to be removed, the subtypes would reassort and interz:t

genetci call y.

f. Inter- and intra-serocomplex hybridization and gene reassortment

data on the other Kemerovo serogroup viru~ses are required to evaluate the

taxonomic significance ef the serocomplex designation relative to other

Orbivrus serogroups.

This study was submitted for :)ublicatior in Interv-.roic'gy.

Table 3. Kemerovo Serocomplex Virus Isolates

ISO] at Isolion Source Ckc,:hja' Orin =

Siberia Serorype

EgAn 1169.61 PWoenucvwvs phaerwcu Burg El Arab. U.ALR. 1961

WM3 liods rkam Kutchum. U.S.S.R. 196Z

L 7S human Kutehum. U.S.S.R. 1962

R 9 lioes perncru., Romanovka. U.S.S.R. 196:

Kemo-ovo (R 10) Jzcdes persuicar.s Rominovkia. U.S.S.R. 1962

R 54 Ixodespersid.cam Rornanovka. U.S.S.R. 196:

Czechoslovak.=n Serortvp

Kol C42id-crcrL Koliba. Czechslovakia 163

KOM. 152et rwc~A& Koliba. Czechosiovakia 1963

Kol 156 Izode. nca~ Koliba. Czechoslavai~a 196,

Lip 10 Izodes ncuuw Lpovnik. Czachoslovakba 1963

Lip II IZodes rzcuw.' Upovik. CzechosIo%-aka 196-

Lir 53 Ixode-T rwmwus Lpovnik.. Czachoi.1ovakba

Lpovil (Up 91) Izt4L!., ra.-zru. Upovnii. CzochnslovakidaQ.

Triber liodac, nvvuA Trioew Mountais. Czwoslovaija 196-1

aRep-snt the year- in wol-icui the -,soiat %vas coiljl-ez ir the fiels:



Table t. In Vitro Reassortment of Czechoslovakian and Siberian Isolates

Minimum Obseved
Number MOt RtUo Progen) ReaSsorunt Gcwwtyp
of Gents (PFUMcI) (P1:P2. (SegmCDI)b

RERak t. A~Innanil 1 2 1 1 2 1 2

Crust L 7< X P. ,A 1169-61

6 18:19 5:2:11 X L75 X EgAu L75 X L75 L75 L75 X

X L75 X EgAx L75 X EgAn L75 L75 X
EgAt EgAn X E&Az EgAn X Eg A L'75 EgAx L75
L75 L75 X L75 L75 X E&Am L75 L75 4An
X EgAn X EgAD EgA, X. L75 L75 L75 X
X 1 EAn X L75 L75 X L75 L75 L75 X
X EgAn X L75 L75 X L75 L75 L75 X

EgAv L 75 X EgAm EgAn X EgAz L 75 EgAz L 75
L75 EgAn X EgAn L75 X EgA L75 EgA L75
X F.4g1 X EgAD L75 X L75 L75 L75 X
X EAD X L 7S L75 X L75 L75 L 75 X

Crms: Trntc T'RB) X Ko vk2 (Kai)

23:29 3:3:12 TkB Kol Kol TRB M Kol TME TRB TRB TRE
Kol Kol Kol Kol Kol Kol Kol Kol TRh Koi

TU TRB 7M Kol TRB TRB Kol Kol TRE TRB
TRB TRB TM. TRB TRM TRB TRB TRE Kof ThB
TRB TRB IM TR.B TRB TRB Kol Ko! ThB TRB
ThE TRB TRB TIB TR TRB ThB TPRE Ko; TB
T1B Kol Kol Kol Kol X X TRB TRE TRB
ThE Kol Kol Ko! Kol X X Kol TRE TRB
TR.B TRB ThE TAB TB X X TRB Kol TRB
TRE TRB Kol TR.B TRB X X TRE TRE TRB
Kol TRB Kol Kol Kol X X TRB Kol Kol
TRB TRB TRB TRB TRE X X TRB Kol TRB
Kol TRB TRB Kol Kol X X TRB Kol TILB

Cross- L 75 X Tribe-. (TRA

65:20 21:9:2 L75 L75 L75 TRB X L75 L75 X L75 X
L75 L75 L75 TRB X L7S L75 X L7 L75

65:40 13:41:6 L75 L75 L75 L75 TRB L7S L75 L 75 L75 L75
TR TRB TEB TRB TRB TRB TRB TRB L 75 TRB
L75 L75 L75 TRB L75 L75 L75 L75 L75 L75
L75 L75 L75 L75 L75 LS L75 L75 L75 TRB
TRB TRE TRB Th TRE ThB TE TRB L75 TRB
L75 L75 TRB TE L75 L 7S L 75 L 75 L75 TRE

OThe number of segments which have a significantly different mobiliry when the two
parental viruses are electrophoresed in polyacrylarrude. Thus, it reflects the number
of genes for which the parental ongin could be determined in progeny viruses.
This represents a minimum number because resolution was often improved using
end-labeled dsKN A.

The parental ongmi of each segment is indicated b) a single letter or number abbreviaton,
and segments of undeterrmned origin are indicated by the letter X.
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:1. IDENTIFICATION AND CLASSIFICATION OF ARBOVIRUSES

A. Stud" of viruses from Thailand and Nepal (R.E. Shope, R.E.

Tesh, and B. Fonseca).

Thirteen viruses from Kampangphet, Thailand and five from Biratnarar,

Nepal were received for identification from Dr. B. Innis, Armed Forces

Research Institute for Medical Science, Bangkok. These were isolated in

AP-61 mosquito cells and passaged at Yale in C6/36 cells.

Initial screening of 6 of the viruses by IFAT of infected C6/36 cells

showed that BND85-14401 reacted with both alphavirus and flavivirus

grouping antibody, indicating a mixed infection. Two others (Nep85-96 and

B1726/85) reacted with the alphavirus grouping antibody alone. Two (BTK85-

154 and BKP"u"CTT500 reacted with the flavivirus grouping antibody alone,

and one (B1726/85) reacted with neither grouping reagents.

BND85-14401 was plaque-cloned and the progeny reacted only with the

alphavirus fluid; mouse brain passage material reacted with tembusu by CF.

Two of the viruses from Nepal, NEP85-96 and NEP85-99, killed baby nice

in 3-4 days. These were tested by CF with alphaviruses getah, bebaru, and

chikunrunya and were identified as very closely related to getah (Table 5).

Neutralization tests will be done. This is the first identification of

getah-related viruses from Nepal.

Five of the viruses killed baby mice by i.c. inoculation with average

survival times of 7-9 days. These were confirmed as flaviviruses.

Sucrose-acetone extracted mouse brain antigens were prepared. Three of

them reacted by CF with Tembusu and to lower titers with Japanese

encephalitis, Zika, and Sepik antibodies. Two others reacted in equal

titers with JE and Tembusu antibodies (Table 6). Neutralization tests are

planned for definitive identification.

Table 5

CF reactions of NEP85-96 and NEP85-99 antibodies with alphaviruses

Mouse ascitic fluids

Antigens NEP85-96 NEP85-99 getah chikungunva

NEP85-96 512/16* 512/)16 1024/16 0/0

NEP85-99 1024/64 1024/ 256 256/8 0/0

getah 256/>256 64/1024 128/>1024 no: done

bebaru 8/4 not done not done not done

chikungunya 64/4256 32/64 not done -1024/L

reciprocal of antibody/reciprocal of antigen titer; 0= 8/<4.
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Table 6

CF reactions of 5 Thai flaviviruses with tembusu, Japanese encephalitis,
Zika, and Sepik antibodies

Mouse immune ascitic fluids

Japanese
Antigens tembusu encephalitis Zika Serik

tembusu 512/512* 128/>512 not tested not tested

Japanese enc. 256/512 5121>512 not tested not tested

Zika not tested not tested >,1024/32 0/0

Sepik not tested not tested 0/0 >1024/128

KP84-425 512/>512 512/128 32/8 256/8

KP94-326 256/512 256/128 32/8 128/8

KP84-308 5121512 16/32 0/0 0/0

BTK85154 256/>512 64/32 0/0 0/0

BND85-14401 512/>512 256/128 16/8 128/8

*reciprocal of antibody/reciprocal of antigen titer
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B. Isolation of Sicilian sandflv fever virus from Eevr:tar phlebotorines
(R.5. Tesh and A. El-Dessoukv).

During October 1987, Mr. Ashrof El-Dessoukv, a zraduate student at Ain
Shams University, Cairo, Egypt spent two weeks at YARU processinz sandfly
specimens which he had collected earlier in September, :986 in Giza
Governorate, Egypt. One of 40 pools processed yielded a virus, despite the
less than optimal conditions under which the insects had been transported
to the United States. This agent was shown by IFAT to be a member of the
phlebotomus fever serogroup and by plaque reduction neutralization test to
be indistinguishable from Sicilian sandfly fever virus. This isolation
emphasizes once again that Sicilian virus (and Naples as well) is still
endemic in many rural areas of the Middle East.

C. Isolation and characterization of new sandfly isolates from Colombia,
Brazil and Ivory Coast (R.B. Tesh).

During 1987, an attempt was made to characterize eight probable new
phlebovirus serotypes. The identificatin numbers of the viruses and their
source and origin are as follows:

Identification number Source Geographic origin

CoAr 170396 Lutzomvia sp. Colombia
BeAr 407981 Lutzomyia ap. Brazil
Mariquita A Lutzomyia sp. Colombia
CoAr 171046 Lutzomyia op. Colombia
CoAr 171096 Lutzomvia sp. Colombia
CoAr 170897 Lutzomvia sp. Colombia
CoAr 171162 Lutzomyia sp. Colombia
Odrenisrou Culex albriventris Ivory Coast

Each of these agents initially reacted by imunofluorescence with a
phlebovirus grouping serum and with one or more specific phlebovirus immune
mouse ascitic fluids. Each virus was then screened against a battery of 49
specific mouse immune ascitic fluids (MIAFs) by plaque reduction
neutralization test. Although a few MIAFs are still being prepared,
preliminary neutralization test results suggest that each of these agents
represents a new phlebotomus fever virus subtype (Table 7).

D. Identification of MSP-18 virus, a Cache Valley subtype from Panama
(R.E. Shope and L.T. Figueiredo).

MSP-18 virus was isolated from the acute phase blood of a United
States military recruit on maneuvers in Panama. The virus was referred by
J. Mangiafico, U.S. Army Medical Research Institute of Infectious Diseases,
Fort Detrick. MSP-18 was identified as a member of the Bunvamwera
serogroup by CF; it reacted with the Bunyamwera grouping mouse ascitic
fluid. CF tests with members of the Bunyamwera serogroup showed it to be
in the Bunyamwera complex, indistinguishable by CF from Cache Valley,
Bunyamwera, Maguari, Playas and Xingu (Table 8). By neutralization tests
in 96-well plates using infected Vero cells and ELISA as indicator, MSP-18
was closely related to Cache Valley virus. Additional tests at Fort
Detrick confirmed that MSP-18 virus is a subtype of Cache Valley virus.
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III. CHARACTERIZATION OF MONOCLONAL ANTIBODIES

A. Preparation of monoclonal antibodies against VSV-Indiana cornrley

viruses (W.R. Chen and R.B. Tesh).

Vesicular stomatitis is a viral disease of bovines, equines and swine,
which clinically is indistinguishable from foot-and-mouth disease. Four
viruses in the vesicular stomatitis virus (VSV') serogroup have been

associated with epizootics of vesicular disease among large domestic
animals in the New World. Three of these agents, (VSV-Indiana, VSV-Alaeoas
and Cocal) are closely related antigenically and comprise the VSV-Indiana
complex. In fact, veterinary health personnel often refer to these three
agents as VSV-Indiana types 1, 2, and 3, respectively.

By ELISA and indirect fluorescent antibody test (IFAT), these three
viruses are closely related and are difficult to differentiate. Table

shows results of a standard IFAT, using Indiana, Alagoas and Cocal antigens
(infected Vero cells) and polyclonal mouse immune ascitic fluids prepared
against the three viruses. By this technique, the three agents are not
easy to differentiate.

Accordingly, a library of monoclonal antibodies was generated against
each of the three viruses. The resulting hybridomas were screened for
serotype-specific activity by IFAT and by ELISA. Table illustrates
results obtained in IFAT with five selected monoclonal antibodies.
Monoclonal ALG-l-l-G2-F3 reacted with all three antigens, while the
remaining four antibodies were serotype specific.

During the past year, Dr. Peter Fernandez, a veterinarian and also
public health student, took selected VSV-Indiana complex monoclonal
antibodies to the Pan American Health Organization Foot-and-Mouth Disease
Diagnostic Laboratory in Rio de Janeiro to test them against field isolates
of VSV from South America. This work is still in progress. Potentially
these monoclonal abtibodies might facilitate the identification of
vesicular stomatitis viruses and their differentiation from foot-and-mouth

disease viruses.

Preliminary characterization of the monoclonal antibodies indicates
that most are made to non-structural proteins.

Table 9

Results of IFAT with VSV-Indiana, VSV-Alagoas and Cocal viruses using
polyclonal mouse immune ascitic fluids (MIAF)

MIAF Indiana Alapoas Cocal

Indiana 320* 320 320

Alagoas 640 >2,560 640

Cocal 320 160 2,560

*Reciprocal of highest positive MIAF dilution

19



Table 10

Results of IFAT with VSV-Indiana, VSV-Alagoas and Cocal viruses using

selected monoclonal antibodies

Monoc lonal Antigen
antibody

Indiana Alagoas Cocal

ALG-1-1-G02-F3 t

IND-1-4-G3-B4 + 0 0

IND-l-2-G12-ElO + 0 0

ALC-1-2-E6-5A 0 + 0

COC-2-3-Fl-GlO 0 0 +
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B. Prevaration of monoclonal antibocies acairst Cache Valley vir=:

K.E. Shope and G.H. Tignor).

BALS/c mice were immunized with the Texas 7856 strain of Cache Vallev

virus and spleens were fused with Ag6 mveloma cells. The resultinz
hvbridomas were selected for their ability to react in ELISA with sucrose-
acetone extracted mouse brain antigen of Cache Valley virus. One of the
hybridomas has been cloned and ascitic fluid of mice reacts well with the

antigen. It is intended to use this antibody as coating of plastic plates

for capturing Cache Valley antigen.

C. A conserved epitopic region on alphavirus nucleocapsid protei.
(I. Greiser-Wilke, V. Moennig, 0. Kaaden, L.T.M. Figueiredo, and R.E. Shope).

In a collaborative study with the Institute for Virology, Hannover
Veterinary School, Hannover, Germany, monoclonal antibodies to Semliki
Forest virus (SFV) were tested with a battery of alphaviruses. Monoclonal

antibodies were made in Germany using P3-NS1/AG-4-1 myeloma cells and
selected by ELISA with Sindbis antigen. The antibodies beloneed to the igCI
(C23), IgG2a (C27, C42), IgG2b (C2, C12, C16, C28, C29, C30, C56, C63) and

IgG3 (C18, C22, C36) subclasses. Under non-reducing conditions, one
antibody reacted with El, 6 with E2, and 14 with the NC protein in
immunoblot ELISA. The antibodies were concentrated from serum-free cell
culture supernatant fluids and purified by protein A-Sepharose column
chromatography, then conjugated to peroxidase.

Cross reactivity of the monoclonal antibodies was determined in two

different tests with 27 alphaviruses (Table 11). Two types of ELISA were
done, antigen capture and an indirect ELISA in which infected C6/36 cells
were grown in 96-well plates and fixed with 3.3% formalin. For the antigen
capture test stock viruses were prepared from virus-infected C6/36 or BHK-
21 cell culture supernatant fluids. The antigens were inactivated with
0.3% beta-propiolactone. Both tests, antigen capture and ELISA, yielded

consistent results.

The results of the antigen capture tests are summarized in Table iI.
None of the antibodies reacted with Barmah Forest (BF) or with viruses of
the VEE antigenic complex (VEE, Bijou Bridge, Everglades, Mucambo, and
Pixuna). Because of differences in their reactivity with Fort Morgan (FM),
Y62-33, Whataroa (WHAT), and chikungunya (CHIK) viruses, the antibodies
were divided into six types. The first type reacted with the four
viruses (C12, C27, and 056). Antibodies of the second type reacted with FM.,

WHAT and Y62-33, but not with CHIK virus (C2, C18, C22, and C23). Type
three antibodies (C28 and C63) did not react with WHAT and CHIK, while type
4 (C42) did not react with WHAT and Y62-33 viruses. Type five antibody
(C16) did not react with FM or with CHIK viruses. Antibodies of type six
(C29, C30, and C36) reacted only with WHAT virus. From these results we
concluded that the antibodies recognized six different epitopes on the NC-
protein. Reciprocal antibody blocking tests using Sindbis virus showed
that all antibodies competed with each other. The blocking of antibody
pairs was always symmetrical, and no one way reactions were observed. The
binding of the NC protein specific antibodies was not influenced by the
presence of any of the two E2 glycoprotein specific antibodies C3 and C8,
and vice versa. Therefore all epitopes were either identical within one

reactivity type or clustered on a single antigenic region of the protein.
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Ta-e 11: Reactivity cf monoclona1 antibodies acainst Sem- ki Forest
virus as determined by antigen capture en: e- inke
irrunscrbent assay

REA:T:ON cr
* MONOCLQNAL AN::BO::ES type

VIFUS AND S BTYE 1  STRAIN : III :V V *I

EASTERN ENCEPHALITIS Ten Broeck + +
VENEZUELAN ENCEPHALITIS

V.encephalitis Trinidad donkey . . . .. .
V.encephalitis TC83 . . . .. .
Everglades Fe 3 7C . . . .. .
Mucambo BeAn 8 . . . .. .
P'ixuna BeAr 35645 . . . .. .
Bijou Bridge CM4-146 . . . .. .

WESTERN ENCEPHALITIS

W. encephalitis McMiilan -
W. encephalitis Y62-33 - -

Fort Morgan C+4-46 - -

Whataroa M78 + -If
Sindbis AR86 4 +
Sindbis AR339 + + + + + +
-Kyzylagach LEIV65A 4 + + +

SEMLIKI FOREST
Semliki Forest Simons + + * *

Se.liki Forest R 16225 + + + 4
Chikungunya Ross + - - - -

-O'Nyonc Nyonc Gulu + +
Getah R 19222 + +
-Sagiyaa 31407 Harv. 4- 4
-Bebaru MY 2354 -
-Foss River T 48 -
Mayaro Tr 15537 4
-Una BeAr 13136 *

ND'OJrlj SA AR 211 +
MIDDELBURG SA AR 749 * * -
BARF.AH FOREST Aus. BH-2193 . . . .. .

I From Shope (1985) and Calisher et a!.(19EE)
'"Ype I (C12, C27, C56); type II (C2, C:E, C22, C23)
type III (C28, C63); type IV (C42); type V (C:E;,
and type VI (C29, C3C, C36)

22



IV. OUTBREAK INVESTIGATION

A. Evidence that Cache Valley virus induced arthrozrvposis arc
hvdranencevhalv in sheen in Texas and Nebraska (R.E. Shope and R.

Yedloutschnig)

Dr. Gary Combs of the U.S.D.A. Animal and Plant Health Insnec::7-
Service (APHIS) requested that YARU assist in the diagnosis of an outbreak
of arthrogryposis and hydranencephaly (AGH) occurring during January 1987
at San Angelo State University and Texas A&M, Texas, and Clay Center,
Nebraska. These were experimental flocks in which rams from New Zealand
had been imported. Drs G. Svetlik and L. Williams of APHIS collected sera
to investigate the possibility that the outbreak was caused by Akabane
virus, implicated in AGH outbreaks in Australia, Japan, and Israel.
Studies at the APHIS Laboraacory at Plum Island, NY demonstrated low levels
of r-utralizing antibody to Akabane virus in one of the rams, but not in
most of the ewes that had lambs affected by the disease. Bluetongue, which
can cause AGH, had also been ruled out by agar gel diffusion tests.

Sera from ewes were tested by ELISA for the Simbu group viruses,
Buttonwillow and Mermet, on the hypothesis that perhaps viruses related tc
Akabane were implicated. Since no known positive sheep sera for
Buttonwillow and Mermet were available, Cache Valley antigen (known to be
enzootic in Texas) was included in order to assure that there would be
control positive reactions in the ELISA.

ELISAs with Buttonwillow and Mermet antigens were negative. The
results with Cache Valley antigen are shown in Table 12. Twenty-eight of
29 ewes with affected lambs from Texas A&M and San Angelo State University,
TX, were positive to Cache Valley antigen. Nearly all of the ewes with
affected lambs from Nebraska were also positive. Ewes that gave birth to
normal lambs were negative in Texas and had lower prevalence of antibody in
Nebraska, although the number of negative control ewes was small.
Neutralization test results at U.S.D.A., Plum Island, and at the Texas A&M
University (Shan-Ing Chung and Ellen Collisson) correlated with the ELISA
results. The Texas group demonstrated Cache Valley neutralizing antibody
in sera of pre-colostral lambs with AGH indicating they were likely
infected in utero.

Table 12

Cache Valley ELISA results with sera of ewes from Texas and Nebraska

Ewes positive Number tested Location

AGH and aborted 4 4 San Angelo State
Normal lambs 0 2 San Angelo State

AGH and aborted 24 25 Texas A&M

AGH and aborted 12 14 Clay Center, Nebraska
Normal lambs 3 6 Clay Center, Nebraska
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Of 360 lambs born between December 1986 and February 1987 at San
Angelo, TX, 19.2. had AGH. The epizootic peaked at the end of January
1987. Attempts are under way at Texas A&M University to reproduce the
disease in pregnant sheep by intrauterine inoculation of Cache Valley
virus.

V. aETROVIRUS REFERENCE STUDIES

A. Attempt to characterize a novel virus from persons with AIDS
(R.E. Shope, R. Cedeno and G.H. Tignor).

Dr. Shyh-Ching Lo of the Armed Forces Institute of Pathology,
Washington, DC provided spot slides for IFA tests of a new viral agent.
The virus was isolated from patients with Kaposi's sarcoma by transfection
of genetic material into NIH/3T3 mouse cells. According to Dr. Lo the
virus was 140-280 nm in diameter, nearly spherical, and had a well-defined
outer limiting membrane and tightly packed internal nucleocapsid (Lo, S.-C.
Isolation and identification of a novel virus from patients with AIDS, An.
J. Trop. Med & Hyg 35:675-676, 1986).

The spot slides were tested and found negative with 31 grouping
ascitic fluids representing alphaviruses, flaviviruses, bunyaviruses,
rhabdoviruses, arenaviruses, vaccinia, herpes simplex, NDV, mouse
hepatitis, and several unclassified arboviruses and rodent viruses.

B. Establishment of collaborative HIV diagnostic capability in
Bogota, Colombia (R.B. Tesh and J. Boshell).

In order to establish field capability in HIV diagnosis, normal and
infected H-9 cells were transported during 1987 to the Instituto Nacional
de Salud. YARU will receive HIV positive cultures for confirmation of
identity of HIV isolates, and will store infected cells in liquid nitrogen
as part of the low-passage virus collection (see section VII).
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VI. DEVELOPMENT OF NEW TECHNIQUES

A. Exploration of JE- trrE Fusion Proteins as analytical, vacc:ne, and
diagnostic reagents (P.W. Mason)

The flavivirus envelope glycoprotein (E) contains antigenic
determinants that are important for virus uptake and pathology. We have
undertaken the expression of Japanese encephalitis viru: (JE) cDNA in E.
coli as a method for: 1) localizing important antigenic determinants within
the E protein amino acid sequence, 2) the production of recombinant
vaccine, and 3) production of serological diagnostic reagents. This wor
was initiated at the University of Massachusetts where Dr. P. Mason
received postdoctoral training with Dr. M. J. Fournier and Dr. T. L. Mason.
The work has continued since Dr. P. Mason's arrival at YARU and represents
an ongoing collaboration with the workers at the University of
Massachusetts. In addition, the mouse protection experiments referred to
in this report were performed in collaboration with Dr. Charles Hoke and
coworkers at the Walter Reed Army Institute of Research.

Preliminary E. col. expression of JE cDNA using the bacteriophage
lambda gtll expression system (1,2) identified two separate regions of the
E protein that were efficiently expressed as JE-beta-galactosidase fusion
proteins and reacted with antibodies present in polyclonal hyperimnune
mouse ascitic fluid (HMAF). The fusion pr' 'm derived from one of these
regions which we define as Domain I, iq encoded within amino acid residues
280 to 414 of the E protein. Domain II contains the epitopes recognized by
10 monoclonal antibodi _s (MAbb) generated from JE-infected mice. These 10
MAbs appear to recognize different epitopes on the E protein based on
competitive binding analyses (Dr. D. S. Burke, WRAIR, personal
communication), cross-reactivity with other flaviviruses, and
neutralization titers.

One goal of the experiments described here was to map the epitopes of
the available MAbs relative to the predicted amino acid sequence of the JE
E protein. Our strategy utilized exonuclease digestion of viral cDNA
fragments to construct a series of bacterial expression plasmids that
expressed different portions of the E protein. To this end, the cDNA
fragment present in the shortest immunoreactive lambda gtll clone was
subcloned into an easily manipulatable plasmid expression vector (pATH; 3)
yielding a JE-pATH recombinant plasmid (pATH#6). E. coli cells harboring
this plasmid could be induced to produce large quantities of a fusion
protein containing portions of the trpE gene product and the JE E protein.
Progressive Bal3l exonuclease digestion of the expressed viral sequences,
followed by recloning in the pATH plasmid, was used to generate a series of
fusion proteins that could be used to map the epitopes recognized by the
MAbs and HINAF. Figure 1 shows the amino acid residues expressed by a
nested set of pATHC recombinants generated by this technique.

Analyses of the immunological properties of the domain Ii fusion
proteins specified by these plasmids have been used to map the epitopes
recognized by HMAF and all 10 MAbs (including four MAbs that show strong
neutralizing titers) to a region between amino acid 303 and 396 of the E
protein. These results are clearly demonstrated by the ELISA data shown in
Table 13. The large size of this region (about 207. of the 55 kD E protein),
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and the inability to dissect this region using our deletion strategy,
suggested that domain II consists of a large tertiary protein structure.
The presence of a Cys residue at the N-terminal limit of the smallest
immunoreactive recombinant protein prompreo biochemical studies on the
authentic viral protein. The data shown in Table 14 clearly demonstrate
the importance of a Cys-Cys bond in the presentation of the epitope
recognized by these MAbs. Biochemical studies on the E protein of the
closely related West Nile virus (4) have shown that two cys residues,
equivalent to those found at positions 304 and 335 in the JE E protein (2),
are disulfide bonded to each other. These data are consistent with the
importance of this disulfide bond in the presentation of this epitope in
infected animals. As expected from the ELISA results shown in Table 13,
reduction and alkylation of the pATH#6 fusion protein indicated that this
disulfide bond was present in the recombinant fusion protein (results not
shown).

Initial experiments to evaluate the ability of domain II-trvE fusion
proteins to act as protective immunogens were met with dissappointing
results. Although animals immunized by intraperitoneal injection with
electrophoretically purified fusion protein specified by the pATH#6
recombinant (in Freunds adjuvant, followed by two boosts) produced
antibodies that reacted with the viral protein, none of the animals
immunized with these proteins produced neutralizing antibody titers. In
addition, similar immunizations with the same fusion protein, performed by
Dr. Charles Hoke and coworkers at WRAIR, failed to protect mice from 4l.hal
challenge from JE. Furthermore, the ascites fluids obtained from mice that
were immunized with this fusion protein bound to unreduced, reduced, and
reduced & alkylated proteins (Table 15), suggesting that the immunological
response to the fusion protein immunogens was amino acid-sequence specific
and did not recognize the important neutralizing-conformational epitope
found on the native viral protein.

These fusion protein reagents, which are extremely cheap and easy to
produce have been investigated as potential reagents for typing antiviral
antibodies. Initial experiments showed that the fusion proteins readily
distinguised antibodies produced to different flaviviruses. Table 16 shows
the specific reactivities of the fusion protein produced by the pATH
recombinant pHB3-3 as targets in ELISA assays of murine ascites fluids
raised to several different flaviviruses.

References:
1. Mason, P.W., McAda, P.C., Dalrymple, J.M., Fournier, M.J., and Mason,
T.L. 1987. Expression of Japanese encephalitis virus antigens in
Escherichia coli. Virol. 158:361-372.

2. McAda, P.C., Mason, P.W., Schmaljohn, C.S., Dalrymple, J.M., Mason,
T.L. and Fournier, M.J. 1987. Partial nucleotide sequence of the Japanese
encephalitis genome. Virol. 158:348-360.
3. Dieckmann, C.L., and Tzagoloff, A. 1985. Assembly of the
mitochondrial membrane system. CBP6, a yeast nuclear gene necessary for
synthesis of cytochrome b. J. Biol. Chem. 260:1513-1520.
4. Nowak, T., and Wengler, G. 1987. Analysis of disulfides present in
the membrane proteins of the West Nile flavivirus. Virol. 156:127-137.
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Figure 1

JE amino acid sequences expressed by JE domain II pATH recombinants.
(Amino acid residues 313-388, shared by all recombinants, are deleted from~
figure to conserve space).

C-TERIINAL DELETIONS

280 290 300 310 390 40C 410

pATH#6 LTSGI{LKCRLKMDKIALKGTTYCIICTKEFSFAK / / DKQ INHHWHKAGSTLCKAFS LKGA
pKS4O LTSGHLKCRL1O-D1CALKTTYGMCTEK1SFAK, / / DKQINHHWHKAC
pKS29 LTSGHLKCRLKMDKLALKGTTYGMCTEKFSFAI(/ DICQINHHWHlK
pKS3O LTSGHLKCRLKMDKLALKGTTYGMCTEKFSFAK //DKQINHHW
pKS26 LTSG1ILRCRLKMDKLALKGTYC1CTE1FSFAK //DKQIN
pKSl9 LTSGKLKCRLKMDK.LALKGTTYGMCTEKFSFAK //D

N-TER? INAL DELETIONS

280 290 300 310 390 400

pKS4O LTSGHLKCRLKMDKLALKGTTYGMCTEKFSFAK //DKQINHHWH.AG
HB2 -2 RLKNDKLAkLKGTTYGMCTEIGFSFAX DKQ INHHWHKAG

HB2-10 LKCTTYCMCTEKFSFAK DKQINHHWI{XAC
HB3-3 MCTEKFSFAK DKQINHHWRKAG

J-15 FAK //DKQINHHWHKAG

27



Table 13. ELISA results show that the antigenic determinants recognized by ali 10

MAbs and HMAP react with the same large region of domain II of the JE E protein,

and that there are no fusion proteins that react with a subset of the MAbs.

MOUSE ASCITES FLUID
tryE J2- 12- J2- J3- J3- J3- J3- J3- J3- J3-

CLONEa EA NAP 5All 5F1 7F12 lOEl 1IB9 IIG5 iRI7 12HII 14E6 14E5

pATH#6 1.2 b >1.7 1.4 0.10 0.26 >1.7 1.4 >1.7 >1.7 1.4 1.7
pKS40 1.4 - 1.5 1.2 0.07 0.22 >1.7 1.5 >1.7 >1.7 1.6 >1.7
pKS29 0.70 - 1.1 0.75 0.04 0.16 >1.7 1.0 >1.7 >1.7 1.1 1.5

pKS30 0.44 - 0.73 0.41 0.04 0.16 1.4 0.71 1.4 1.5 0.85 0.58

pKS26 - - 0.05 - - - - 0.09 - 0.22 - -

pKS19 - - 0.06 - - - - 0.11 - - 0.25 -

HB2-2 1.5 - >1.7 1.7 0.10 0.26 >1.7 1.7 >1.7 >1.7 >1.7 >1.7
l1B2-10 1.4 - >1.7 1.7 0.15 0.31 >1.7 1.7 >1.7 >1.7 1.7 1.7
1B3-3 1.4 - 1.7 1.7 0.19 0.36 >1.7 1.7 >1.7 >1.7 >1.7 1.7
J15 0.02 - - - - - - 0.12 0.02 - - -

a Insoluble fractions isolated from the indicated clones were prepared by

standard techniques, and the material derived from approxiamately 20

wicroliters of induced bacterial culture was used to coat each well.
(-) designates O.D. values less than or equal to 0.01.

Table 14.ELISA reactivity of reduced, reduced and alkylated or alkylated
preparations of the E protein.

a
E PROTEIN ANTIGEN

ASCITES UNTREATED REDUCED REDUCED ALKYLATED
FLUID & ALKYIATED

JE MW >1.75 0.6g 0.53 1.56
NAF 0.03 - - 0.02

J2-5Allc >1.75 0.45 - 1.4

& PEG precipitate of JE-infected Vero cell supernatants, dissolved in

0.12 SDS was used as the source of E protein. Samples were reduced by
treatment with 2 mM dithiothreitol for 30 win. at 600C and alkylated by
treatment with 8 mM iodoacetamide for 30 min. at 600C
S-) designates O.D. values less than or equal to 0.01.
c All MAbs showed a similar profile of reactivity (results not shown).
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Table 15.ELISA reactivity of ascitic fluids from four balb/c Lice i=unized
with pATH#6 derived fusion proteins with reduced, reduced and alkylated or
alkylated preparations of the E protein.

a
VIRION ANTIGEN

ASCITES UNTREATED REDUCED REDUCED ALKMhATED
FLUID & ALKYLATED
Fl 1.30. 1.55 1.26 1.13
F2 0.21 0.27 0.19 0.19
F3 0.14 0.25 0.13 0.15
F4 0.03 0.06 0.01 0.02

a Antigen was prepared as described in Table

Table 16. Specific a ELISA reactivity of flavivirus MIAFs with the dornain II
fusion protein produced by pHB3-3.

\ DIL.
N 1:100 1:200 1:400 1:800 1:1600 1:3200 1:6400 1:12800

MIAF \

JE 1.49 1.54 1.51 1.23 1.07 0.72 0.33 0.26

KUN 0.34 0.18 0.08 0.04 0.02 - - -
MVE 0.37 0.22 0.15 0.07 0.04 0.02 - -

WN 0.37 0.25 0.18 0.09 0.05 0.03 0.02 -
SLE - - - - - - -

DENi - - - - - - -
DEN2 - - - - - - -
DEN3 - - - - - - -
DEN4 - - - - - - -

YF - - - - - - -

a O.D. values are the difference between the reactivity with the insoluble

fraction derived from pHB3-3 fusion protein and the average reactivity with
the pJl5 and pKS26 fusion proteins. Reactivities with the pJ15 and pKS26
fusion proteins ranged between 0.27 and 0.58 (for the 1:100 dilution) with the
Vajority of values around 0.3.

(-) designates O.D. values less than or equal to 0.01.
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B. Molecular epidemiolo5v of dengue viruses (R. Rico-Hesse: pro3ect
supported in part by The Rockefeller Foundation)

Studies are under way to determine the evolutionary pathways of dengue
viruses and, in this manner, determine the epidemiologic relationships of
strains isolated throughout the world. Methods for determining genetic, and

thus evolutionary, relationships of large numbers of viruses include
serology, oligonucleotide fingerprinting, restriction enzyme mapping, cross-
hybridization, and primer extension sequencing. The first method measures
homologies of amino acid sequences encoded by nucleic acids, while the
remainder use nucleic acid sequences to distinguish among viruses. Primer
extension sequencing is the most valuable of these genomic methods since it
yields information that is reliable and easy to interpret and compare among
strains. It has the advantage that concise, selected regions of the genome
can be compared. Viruses classified within a serotype can be compared and
categorized evolutionarily based on sequence differences, and relationships
graphically represented as a tree. The geographic origin of a virus can be
deduced from the evolutionary tree, since viruses studied so far tend to
evolve naturally in geographic clusters or econiches, the size of which
varies according to transmission patterns. Dengue virus, like other RNA
viruses, is amenable to this approach because of its high rate of mutation

at the nucleotide level.

Preliminary results suggest that dengue 1 isolates can be classified
geographically by comparison of nucleotide sequences obtained from the NSl
region of the genome. Mutations in this region occur mainly in the third
position of the codon, that is, most of the mutations are silent, and an
average mutation rate of 7% is seen when comparing 18+ strains of serotype
I. This is approximately one half the rate at which polioviruses mutate and

this difference may be due to several factors which are unknown as of yet.
Table 17 lists the isolates of dengue I analyzed to date. Isolates from
Southeast Asia are distinct from those from the Americas and Africa, and
some isolations made within the same country, at different times, also
differ. The analysis of many more isolates is necessary to determine the
specific region of the NSI gene which will yield most videmiologic
information, and to select areas suited for the design of specific
hybridization probes, which can be used for monitoring virus transmission.
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Table 17

List of dengue-1 isolates used in molecular epidemiology studies

strain paasage source locality year

Hawaii monkey 1, mosq.6 human Hawaii 191.

228682 mosq. ., C6/36 1 human Manila 1974

30130 mosq. 4 human Fiji 1975

422683 mosq. ., C6/36 1 human Fiji 1975

28686 mosq. ?, Cb/36 1 human Burma 197b

16299 mosq. ?, C6/36 1 human Nauru Islands 1977

228690 mosq. ?, C6/36 1 human Jamaica 1977

1186 mosq. 2, C6/36 1 human Jakarta 1977

1236 mosq. 2, C6/36 I human Jakarta 1978

29117 mosq. 2 human Bandia, Senegal 1979

PU0359 C6/36 1 human Thailand 1980

1298 mosq. 2, C6/36 1 human Mexico 1980

1335 mosq. 2, C6/36 2 human Colombo, Sri Lanka 1981

1344 mosq. 2, C6/36 1 human Mexico 1982

1351 mosq. 2, C6/36 1 human Colombia 1982

1412 mosq. 2, C6/36 1 human Mexico 1983

1378 mosq. 2, C6/36 1 human Mexico 1983

1413 mosq. 2, C6/36 I human Haiti 1983

347869 C6/36 3 human Colombia 1985

CEA126 human Ceara, Brazil 1987
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VII. LOW PASSAGE VIRUS COLLECTION (R.B. Tesh and R.E. Shope)

In response to suggestions of the American Committee on Arboviruses'
Subcomittee for the Collection of Low Passage Arbovirus Strains (SCLAS),
we initiated a collection of such strains. The purpose was to collect
original or low passage strains of arboviruses of medical or veterinary
importance from representative geographic regions of the world and fro
different time periods. Such strains are often difficult to obtain and are
very useful in studies of arboviral genetics and pathogenesis. Arbovirus
field laboratories throughout the world were requested to submit original or
low passage material for this collection, and many generously responded.

Virus specimens submitted were subsequently passaged in C6/36 or Vero
cells. This material was used to prepare virus stocks which were
lyophilized and stored. Because of the large number of virus specimens
received, the identification of each strain has not yet been confirmed.
The identity listed for each strain is that attributed by the donor.

A complete listing of the arbovirus strains now lyophylized is given
in Table 18. Ampoules of any of these agents are available on request.

Abbreviations shown under passage history are as follows: suckling
mouse (SM), Vero cells (Vero), C6/36 clone of Aedes albopictus cells
(C6/36), Aedes pseudoscutellaris cells (AP-61), primary chick embryo (PCE),
inoculation of live mosquitoes (MOSQ). The number following the
abbreviation refers to the frequency of passage. For example, SM #1, Vero
#1 would mean one passage each in suckling mice and in Vero cells.

VIII. ARBOVIRUS BULLETIN BOARD, REFERENCE, AND DATA ACCESS (D.L. Knudson
and P.W. Mason)

A phone-accessible computer network is available by calling 203/785-
2912. Prospective users may request a password at the time of initial
contact. Available are a) a catalogue of available orbiviruses,
b) sequence data for BT 17, Sindbis, VSV Indiana, WN, and YF 17D, and
c) selected arbovirus references. Arbovirologists and other interested
persons are encouraged to use this service. In the next year it is planned
to add flavivirus sequences (under sponsorship of WHO) and to begin listing
reagents available for distribution from YARU.

IX. DISTRIBUTION OF REAGENTS, WHO COLLABORATING CENTRE FOR REFERENCE AND
RESEARCH (R.E. Shope, R.B. Tesh, and G.H. Tignor)

A total of 385 ampoules of reagents including virus stocks (122),
antigens (77), and antibodies (186) were distributed to laboratories in 12
countries plus 8 states in the USA. These included reagents to 70
different serotypes of arboviruses. In addition, _ shipments of arthropods
and 13 mosquito cell lines were also distributed.
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